Enhancement of functional antibody responses to AMA1-C1/Alhydrogel, a Plasmodium falciparum malaria vaccine, with CpG oligodeoxynucleotide.
Apical membrane antigen 1 (AMA1) has been shown to be a promising malaria vaccine candidate. The multiallelic AMA1-C1 vaccine currently in Phase 1 trials in the US and Mali contains an equal mixture of the ectodomain portion of recombinant AMA1 from the FVO and 3D7 clones of Plasmodium falciparum, formulated on Alhydrogel. It is hoped that inclusion of a human-optimized CpG oligodeoxynucleotide (ODN) (CPG 7909) with our existing AMA1-C1/Alhydrogel vaccine will lead to a higher concentration of functional AMA1-C1 antibodies. Preclinical studies were performed in mice, rats and guinea pigs to assess the safety, immunogenicity and functionality of the immune response to AMA1-C1 with Alhydrogel + CPG 7909 compared to antigen with Alhydrogel alone. Day 42 mean anti-AMA1 ELISA titer values derived from individual animals were compared between Alhydrogel and Alhydrogel + CPG 7909 groups at each antigen dose for each species. Sera from Alhydrogel + CPG 7909 groups displayed significantly higher antibody titers (P < 0.025) than their comparable Alhydrogel alone group. Mouse IgG isotype analysis showed that AMA1-C1/Alhydrogel induced a predominately Th2 type response while AMA1-C1/Alhydrogel + CPG 7909 gave a mixed Th1/Th2 type response. When tested for functional activity by in vitro inhibition of parasite invasion, IgG isolated from serum pools of AMA1-C1/Alhydrogel + CPG 7909 animals was more effective against both FVO and 3D7 parasites than an equal concentration of IgG from animals receiving vaccines adjuvanted with Alhydrogel alone. These promising preclinical results have recently led to the start of a Phase 1 trial in the US.